Abstract.
K.0ICHI HIRAIDE Theorem 1. No compact connected manifold with boundary admits a positively expansive map.
M. Shub [11, 12] , J. Franks [4] , M. W. Hirsch [9] , and M. Gromov [6] studied the problem of characterization of expanding differentiable maps on closed smooth manifolds. In [6] M. Gromov proved finally that an expanding differentiable map of an arbitrary closed smooth manifold is topologically conjugate to an expanding infra-nil-endomorphism.
On the other hand, E. M. Coven and W. L. Reddy [2] studied positively expansive maps of closed topological manifolds and showed that such maps are expanding with respect to certain metrics. Recently the author [8] generalized a result of M. Gromov [6] as follows: a positively expansive map of an arbitrary closed topological manifold is topologically conjugate to an expanding infra-nil-endomorphism.
Combining this and Theorem 1, we can conclude the following Theorem 2. Every compact connected manifold which admits a positively expansive map is homeomorphic to an infra-nil-manifold, and such a map of an infranil-manifold is topologically conjugate to an expanding infra-nil-endomorphism. Theorem 1 will be obtained by using the following.
Lemma. Let X be a compact connected locally connected metric space and f:X->X be a positively expansive map. If a closed proper subset K of X satisfies the following conditions: We must prove the lemma to obtain the conclusion. Let /: X -► X be as in the lemma. Then there exist a metric p for X and constants ô > 0 and X > 1 such that if p(x, y) < ô then p(f(x), f(y)) > kp(x, y). This is proved in the same way as in [10] (notice that / is not always surjective). For e > 0 and x G X, let Uf(x) = {y e X: p(x, y) < e} and denote by Cf(x) the connected component of x in U((x). Obviously Cf(x) is open in X. Since X is locally arcwise connected (Theorem 6.29 of [7] ), we have that Cf (x) is arcwise connected.
We first check the following claim: Let 0 < e < Ô/2 and x e X\K. If Cf(x) c X\K, then f(Cf(x)) D CX((f(x)).
Assume y e CX((f(x))\f(C((x)) ^ 0. Since CXf(f(x)) is arcwise connected, there exists an arc w: [0, 1] -> CXt(f(x)) such that w(0) = f(x) and w(l)=y.
Since Cf(x) c X\K, f(Ct(x)) is open in X by (2) . Obviously w(0) = f(x) e f(Ce(x)). Hence we can take 0 < t0 < 1 such that co([0, t0)) C f(Ct(x)) and w(t0) £ f(Cf(x)).
Then On the other hand, since w(t0) e CXe(f(x)), we have Xp(w(tQ), x) < p(w(t0), f(x)) < kt , and so w(t0) e Ue(x). Combining this and the fact that x G <ï>([0, t0)) c Ct(x) c Uf(x), we have that w(t0) e Ce(x), thus a contradiction.
We proceed to the proof of the lemma. For e > 0 let X(c) = {xe X\K: Cc(x) c X\K}.
Since 7C is a closed proper subset of X, there exist 0 < e0 < ô/2 such that X(e0) / 0. Assume that K ± <\>. Obviously X (e0) § X. Let x G X(e0). Then Ce (x) c X\7C. From the above claim f(Ce (x)) D CXf (f(x)). Hence CM (/(x)°) c X\K by (1) and so f(x) e X(Xc0). Therefore f(X(eQ)) C X(le0).
It is easily checked that X(Xe0) c X(pe0) c X(e0) for 1 < p < X. We show that X(Xe0) c ^(/zCq) . To do this, let {x;}(>0 be a sequence of X(Xe0) and let x¡ -* x e X as z -► oo. Obviously [/ (x) c £/, (x,) for sufficiently 
